Advantages of adsorption method for the removal of heavy metals from drinking water are abundant in literature. However, there is little information on the practical application of this knowledge at domestic level. Middle and high income earners can afford more expensive heavy metal treatment technologies. Low income earners, however, are often exposed to heavy metal contaminated water. This study, therefore, demonstrates how a cheaply fabricated water treatment plant (WTP) can be used with discarded automotive tire (DAT) to remove metals from drinking water. Drinking water samples from borehole and river sources which were slightly acidic and contained metals such as chromium, aluminum, manganese, calcium, zinc and copper was placed in the WTP. Crushed DAT was added to the water and stirred at a rate of 110 revolutions per minute for ten minutes at room temperature. Results show that the use of DAT in the WTP improved pH by 8-9% while TDS improved by 41-27% in ground and surface water samples respectively. Also, copper, chromium, aluminum, and manganese improved by as much as 46%, 5.5%, 50% and 25% respectively in some water samples. The paper concludes by recommending that other adsorptive materials can be tested for use in the WTP.
INTRODUCTION
Heavy metals get into water through different pathways. Some of these pathways include natural deposits in soils (Egboka et al., 1989) . However, heavy metals also get into water as direct fallout of human activities. Spillages from prospecting activities (for fossil fuels, groundwater or minerals) causes natural deposits to become unstable (Glynn and Plummer, 2005; Ifatimehin, 2007) . Furthermore, some improperly managed landfills leach into surface and groundwater bodies (Longe and Balogun, 2010) . Other sources of heavy metals include industrial wastewater, run-off from fertilizers, pesticides used in agriculture, and residues from combustion fuels (Carr and Neary, 2008; Omole and Longe, 2008) .
Unlike biological and physical pollutants which can be removed by boiling, filtration or sedimentation processes, heavy metals are not easily removed by any of the enumerated processes. Once ingested by humans, heavy metals remain in the host's body and accumulate in sensitive organs over a period of time (Martin and Grisworld, 2009; Mudgal, et. al., 2010) . While some of the metals (such as iron, copper and zinc) may cause bodily discomfort in heightened concentrations, most of the other metals (such as Cadmium, mercury and lead) could have devastating or debilitating effects on human health even at low concentrations (Omole, 2010) . It is therefore imperative that every effort aimed at achieving the highest level of potability in water should be investigated. There are several ways through which heavy metals are removed from water. These include precipitation, electroplating, chemical coagulation, ionexchange, membrane separation, and electrokinetics (Hubbe et al., 2011; Zarah, 2012) . The limitation of all these methods is that they are very expensive, thus making them unfeasible for most people living in developing countries given the fact that these population live on less than 1 USD per day (Westoff, 2004; UN, 2013 ). An alternative water treatment method that has generated good results is adsorption (Abechi et al., 2013; Hubbe et al., 2011; Ahmedna et al., 2004) . This is a method whereby heavy metals in water are removed by getting attached to the adsorbent surface (Abia et. al., 2002; CCI, 2006) . Aside low costs, adsorption method is often favoured because adsorbents have high efficiency of heavy metal ions removal from water, they are environmental friendly and are readily available.
In spite of the knowledge of the merits of adsorption method in removing heavy metals in water, nearly no literature is available on the engineering application of this novel method at domestic level. This study is therefore aimed at translating the science of adsorption into a simple to operate technology that can be readily available and used by the typical low income earners in rural areas.
MATERIALS AND METHOD
The experimental procedure was carried out in three phases: first, a WTP was fabricated; next, a discarded automotive tire (DAT) was crushed and prepared. Finally, heavy metal contaminated water samples were obtained from a borehole and river situated in the study area. Both water samples were treated using the DAT and WTP.
Study Area
Ado-Odo Ota Local Government Area (LGA) is situated in Ogun State in the South-west regions of Nigeria (Omole and Isiorho, 2011) . The LGA is the most populous municipal area in the State and home to the second largest concentration of industrial and manufacturing concerns in Nigeria (Omole and Isiorho, 2011) . Due to weak environmental standard enforcement, most of the wastes generated from both domestic and industrial effluent end up in surrounding water bodies such as River Atuwara Omole and Longe, 2008) . River Atuwara is one of the most important rivers in the LGA. The State water corporation withdraws water from the river and distributes it to residents after primary treatment. However, some residents consume raw water withdrawn from the river. Due to heavy pollution of surface water network in the LGA, most residents withdraw groundwater for domestic use (Omole, 2011).
Fabrication of treatment plant
Materials for the fabrication of the WTP were sourced from the local steel market in Ogun State, Nigeria. These included recycled steel sheets, plumbing pipes/fittings, wire meshes (sieves) and steel coating. The assembly of the materials was carried out at the Mechanical Engineering laboratory of Covenant University. The design parameters for the plant was guided by the principle that a nuclear family of six member should be able to get a daily drinking water supply for a full day which must have been treated from the previous day. With a per capita drinking requirement of 2 litres (Longe et. al., 2012) , the WTP was designed with a factor of safety of 2. Thus, a target production of 24 litres of water per day was achieved within 1 hour. The total dimension for the length, breadth and height of the WTP was 30 cm x 30 cm x 100cm (Fig. 1a & b) . Tanks A and B each had dimensions 30cm x 30 cm x 34 cm. This yielded a tank volume of 30.6 litres which gave sufficient allowance for a design capacity of 24 litres. The two tanks are separated by a 15 cm gap which is the filtration compartment. This is where the sieves are positioned. The support extends just 5 cm from the floor while the stirrer extends 17 cm from the top of Tank A. The WTP was coated all over with anti-rust paint (Fig. 1b) . 
Preparation of the pulverized DAT
A discarded automotive tire (DAT) was obtained and washed thoroughly using distilled water and sponge. The DAT was pulverized at a local plastic crushing company. Thereafter, it was sieved with a U.S. Standard Mesh Size No. 20 sieve. Subsequently, the pulverized DAT was impregnated with sodium hydroxide by soaking it for 24 hours. This is meant to activate the carbon pore of the material. Thereafter, it was oven dried at 100 o C for 24 hours. Then, the DAT was carbonized by placing it in an oven at a constant temperature of 200 o C for 2 hours.
Water treatment
Water samples were obtained from a borehole in Ota, Nigeria. Also, another water sample was obtained from River Atuwara which often serves as sink to effluent from manufacturing companies.
Both samples were characterized before treatment to determine the pollutants present in them. The well water was poured into the WTP. Subsequently, 100 g of DAT was added to the water (Fig.  1c) and the mixture was agitated with the stirrer for 10 minutes. The stirring was manually done at a sustained speed of 110 revolutions per minute. This procedure was repeated for the river water. Each treated water sample was allowed to settle for 5 minutes before withdrawing the treated water for the second round of tests to characterize the degree of pollutant removal. The second round of test was carried out in duplicate. The mean value of both tests from each sample was used for analysis. The water samples were digested using concentrated nitric acid HNO 3 and concentration of Zinc ( Zn), Aluminum (Al), Manganese (Mn), Calcium (Ca) and Chromium (Cr) measured with S series atomic absorption spectrophotometer (AAS). Total dissolved solids (TDS) was determined gravimetrically using APHA method (APHA, 2008) while the determination of pH was done using portable Hanna microprocessor pH meter.
RESULTS AND DISCUSSION
Both the borehole and river water in Ota were affected by metals and other physical contaminants. Both water samples were acidic, and slightly exceed the Standards Organization of Nigeria (SON) limit for chromium and calcium. Chromium (VI) compounds are toxic and cause cancer and skin ulcers in humans if ingested or if in contact with human skin (Martin and Grisworld, 2009 ). Also, long term exposure can lead to the damage of vital organs. The groundwater sample taken from Ota appeared more polluted than surface water as it was more acidic and had higher concentration levels of copper, calcium and TDS than the river water. The river water however, contained higher concentrations of aluminum, which exceeded the SON limit by 220%. Aluminum, manganese and copper are not considered a major risk to human health but they can lead to other problems such as metallic taste as well as discoloration and depositions in pipes and containers (USEPA, 2013). Subsequent to the water treatment using crushed DAT within the fabricated WTP, both the treated borehole water and river water were analyzed. The results are as presented in Table 1 .
Metals concentrations that were improved after the treatment in both WW and RW are Copper and Manganese. The concentration of Calcium worsened in both the well and river water after treatment. This is probably due to the dissolution of the paint that was used to coat the WTP in the water. Paint is usually made out of four ingredients namely binder, solvent, pigment and additives. Some paint pigments are made from limestone (CaCO 3 ) and zinc yellow or zinc chromate (ZnCrO 4 ) (Kopeliovich, 2014) . Since Ca, Zn and Cr are elements present in paint, determining whether the treatment worked for any of these three metals is inconclusive. This is more so since zinc concentration level increased in well water but decreased in river water. Also, Chromium improved marginally in well water but remained unchanged in the river water. The treatment of aluminum was also inconclusive as its concentration level in river water decreased while the concentration level in well water worsened significantly.
Both TDS (Fig. 1d ) and pH improved in both the treated river and well water. This could be interpreted to mean that the dissolved compounds that caused the acidity were partially adsorbed unto the crushed DAT surface. 
CONCLUSION AND RECOMMENDATIONS
This study showed that water taken from trusted sources such as borehole can be as contaminated as water obtained from exposed sources like rivers. While some people withdraw water for domestic use from surface water bodies, others use groundwater with the inaccurate perception that ground water in its raw form is potable. Therefore, caution should be exercised before any form of water is ingested. This research work has demonstrated the potential for home application of adsorptive method in the removal of metals from drinking water. In general, the water samples showed improvement after treatment. However, the fabricated WTP system performance can be improved upon. The paint coat which was meant to prevent rusted iron from mixing with water possibly introduced more pollution to the water. This suggests that other less reactive materials such as heat resistant plastics can be used for the fabrication of the WTP. Also, consideration should be given to testing the effectiveness of other adsorptive materials as well as testing for a wider range of heavy metals in future experiments. Other variables that may also be investigated in order to improve on the WTP include length of time of stirring of the mixture of water and adsorbent, temperature, pH, and type of adsorbent.
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